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In the GAMMA 10 tandem mirror, typical electron 
density is comparable to the peripheral plasma of fusion 
devices. Then the effective concept for increasing of 
Thomson scattering (TS) signals is required for 
improvement of signal quality. We have been developing 
the multi-pass TS method of a polarization based system 
based on the GAMMA10 yttrium-aluminium-garnet (YAG)-
TS. Last fund year, we constructed the polarization based 
multi-pass TS system and obtained the Rayleigh scattering 
signals of 1st to 6th passing signals. This fund year, we 
carried out the Raman scattering experiments with the 
normal operated YAG-laser power which is equal to the 
normal Thomson scattering experiments. Moreover, we 
obtained the Thomson scattering signals of 1st to 4th passing 
signals in the GAMMA 10 plasma experiments. Then 
integrated scattering signals increased about three times 
larger by the multi-pass system. 
A schematic diagram of the newly multi-pass 
method of the polarization based system is shown in the Fig. 
1. This system is based on the GAMMA10 double-pass TS 
system. Horizontal polarized laser light from the YAG laser 
is focused onto the plasma center by the first convex lens 
from the down side port window after passing a short pass 
mirror, the two Faraday rotators for isolator, a half wave 
plate, mirrors, a polarizer, a pockels cell and iris. After the 
interaction with plasma, the laser light emits from the upper 
side port window and collimated by the second convex lens. 
A pair of lenses is a key component of this optical system. It 
makes the image relaying optical system from iris to 
reflection mirror to maintain the laser beam quality during 
the multi-pass propagation. Laser light reflected by the 
reflection mirror for the second pass and focused again onto 
the plasma. A pockels cell is used for a polarization control 
device. It switches horizontal polarization to vertical at the 
second pass traveling of laser light. Vertical polarized laser 
light is reflected by the mirror. Then the multi-pass 
configuration is constructed. 
We carried out the Rayleigh and Raman calibration 
experiments for setting and stray light in the evaluation of 
the multi-pass system. Figure 2 shows the typical 
polychromator output signals of a single pass, double pass, 
and six pass configurations in Raman scattering experiments. 
The total integrated signal of six pass is about three times 
and a half as large as that of single pass. We have 
successfully constructed the multi-pass TS system. Then we 
applied the multi-pass TS system to the GAMMA 10 plasma 
experiments. Figure 3 shows the mutli-pass TS signal of 1st 
to 4th passing. The electron temperature is about 28s2 eV. 
Them we obtained the multi-pass TS signals for the first 
time. 
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Fig. 1.  Schematic of the multi-pass TS system. 
40
50
60
70
80
90
100
50 100 150 200 250 300
Single-pass
Multi-pass
Int
en
sit
y [
 co
un
ts 
]
Time [ ns ]  
Fig. 2. Single (green line), double-pass (blue line) and 
multi-pass (red line) Raman scattering signals of CH. 1.  
0
0.5
1
1.5
2
150 200 250 300 350
Single-pass
Multi-pass
Int
en
sit
y [
 R
el.
 un
its
 ]
Time [ ns ]  
Fig. 3. Single and multi-pass TS signals. 
 
     This work has been conducted as a part of the LHD 
Project Research Collaboration "Experimental verification 
of helium line spectroscopy models by intermachine and 
intermethod comparison"(NIFS11KOAH027). 
     Recent progress in the plasma modeling that 
describes the 2D or 3D structure in the boundary plasmas 
enhances the demands of imaging spectrometry based on 
the collisional radiative model [1].       
    We have developed a liquid-crystal-based tunable 
Lyot filter spectra camera system for plasma imaging 
spectroscopy [2]. The Lyot filter is advantageous over a 
conventional interference filter in the sense that in the 
former, the wavelength can be tuned in the range of 
400–720 nm within a response time of 50–100 ms. 
However, our study revealed that the Lyot filter has 
“leak-bands,” which transmit light longer than 590 nm at 
specific wavelength settings below 448 nm; these 
wavelengths and the transmittances are found to be slightly 
different for the individual LOT number of the Lyot filter 
[3].  
     In this fiscal year, we proposed a method for 
eliminating the leak-bands that uses a color CCD detector 
[4,5]. 
     The detector we employed is a single-panel Bayer 
array color CCD (Bitran Co., BU-52C) equipped with an 
external trigger input. The number of pixels is 2048 × 2048, 
with pixel dimensions of 7.4 × 7.4 µm2. The CCD can be 
controlled by a PC using a USB interface. The dynamic 
range of digitization is 16 bits. We can obtain images of the 
red, green, and blue layers separately. Figure 2 shows the 
spectral efficiency of the CCD detector obtained by using 
the halogen lamp illuminating the perfect diffuse reflector. 
The wavelength of the Lyot filter was scanned by every 5 
nm. Throughout the range of 400–760 nm, there is no 
overlap in the transmission bands between the blue and red 
color filters, and their boundary is at about 560 nm. One 
can thus expect that at the leak-band position, the blue filter 
does not have sensitivity. Therefore, the leak-band 
contamination can be eliminated by evaluating just the blue 
layer of the color image when we perform the measurement 
below 448 nm.  
  The bump found around the set wavelength of 420 nm in 
the red layer in Fig. 2 was confirmed to be attributable to 
the leak-band that transmits longer (red) wavelength. 
Indeed, by inserting the band-pass filter, the bump 
disappeared [6]. 
  In the future, we intend to apply this leak-band-free 
spectral camera to MAP-II (material and plasma) 
divertor-simulating plasmas [7] for determining the images 
of plasma parameters by using the line intensity method 
considering the radiation trapping effect, which causes the 
broadening of the spatial distribution of the resonant 
excited states [8]. 
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Fig. 1. Schematic of liquid-crystal-based tunable Lyot 
filter spectra camera system.  
 
Fig. 2. Count of the color CCD detector (16 bits) per 
photon measured using the liquid-crystal-based tunable 
Lyot filter spectra camera system (Fig. 1). The red and 
green peaks below 450 nm are attributed to the 
leak-bands of the Lyot filter, so the CCD count of the red 
layer below 450 nm cannot be used as a calibration 
function. 
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